Whether or not Graves' hyperthyroidism can be really cured, depends on the definition of "cure." If eradication of thyroid hormone excess suffices for the label "cure," then all patients can be cured because total thyroidectomy or high doses of 131 I will abolish hyperthyroidism albeit at the expense of creating another disease (hypothyroidism) requiring lifelong medication with levothyroxine. I would not call this a "cure," which I would like to define as a state with stable thyroid stimulating hormone (TSH), free thyroxine, and triiodothyronine serum concentrations in the normal range in the absence of any thyroid medication. Surgery and radioiodine are unlikely to result in so-defined cures, as their preferable aim as stated in guidelines is to cause permanent hypothyroidism. Discontinuation of antithyroid drugs is followed by 50% recurrences within 4 years; before starting therapy the risk of recurrences can be estimated with the Graves' Recurrent Events After Therapy (GREAT) score. At 20-year follow-up about 62% had developed recurrent hyperthyroidism, 8% had subclinical hypothyroidism, and 3% overt hypothyroidism related to TSH receptor blocking antibodies and thyroid peroxidase antibodies. Only 27% was in remission, and might be considered cured. If the definition of "cure" would also include the disappearance of thyroid antibodies in serum, the proportion of cured patients would become even lower.
INTRODUCTION
Graves' disease, can it be cured? A most relevant question for patients diagnosed with Graves' hyperthyroidism, which occurs in a substantial number of subjects as the prevalence in the general population is in the order of 1% to 1.5% [1] . The incidence is 20 to 30 cases per year per 100,000 persons [2, 3] .
Approximately 3% of women and 0.5% of men develop Graves' disease during their lifetime [2] . Graves' hyperthyroidism is the most common phenotype of Graves' disease; the other phenotypes Graves' orbitopathy (GO) and Graves' dermopathy (local myedema) are relatively rare and not taken into consideration in the following discussion on cure.
The natural history of Graves' hyperthyroidism is not well known. The main reason for this deficiency in our knowledge is that nowadays all patients with Graves' hyperthyroidism are treated in order to restore euthyroidism. Effective therapy with antithyroid drugs (ATDs) or radioactive iodine (RAI) has been available since the end of the Second World War, but even in the first half of the twentieth century patients could be successfully treated with thyroidectomy (Tx). Based on the older literature, attempts have been made to describe the natural history of Graves' hyperthyroidism [4] . Most patients (estimated 60% to 70%) follow an undulating course with alternating hyperthyroid Copyright © 2019 Korean Endocrine Society and euthyroid episodes (Fig. 1, blue line) . A minority (about 30% to 40%) experiences just one hyperthyroid episode (Fig. 1 , green line). In some patients (not more than 10%) hyperthyroidism never remits and it is thought that in this group with perpetual hyperthyroidism the disease can be fatal if left untreated ( Fig. 1, red line) .
We can influence the course of Graves' hyperthyroidism by Tx, RAI, or ATD. Do these interventions really change the natural course of Graves' hyperthyroidism? Is the disease cured after a successful intervention?
THYROIDECTOMY
If surgery is chosen for Graves' hyperthyroidism, current guidelines recommend total thyroidectomy (TTx) as the procedure of choice rather than subtotal thyroidectomy (STTx) [5, 6] . TTx has a nearly 0% risk of recurrence, whereas STTx may have an 8% chance of persistence or recurrence of hyperthyroidism at 5 years [7] [8] [9] . Serum concentrations of thyroid-stimulating immunoglobulins (TSIs) rapidly decrease during the first 9 months after TTx but are still detected in 18% 3 years later [10] . One may conclude that TTx is capable to definitively cure the hyperthyroid state, but at the expense of creating another diseasehypothyroidism.
The above does not exclude the possibility to maintain a longterm remission of Graves' hyperthyroidism after STTx. A recent study enrolled 415 consecutive patients with Graves' hyperthyroidism who underwent bilateral STTx (n=385) or the Dunhill procedure (hemithyroidectomy+subtotal resection) (n=57) [11] .
Median postoperative follow-up was 6 years. Persistent or recurrent hyperthyroidism occurred in 29%. Thyroid remnant weight was on average 5.1 g, and appeared to be an independent risk factor for persistent or recurrent hyperthyroidism (hazard ratio, 1.32). Hypothyroidism developed in over 50% of patients. Only 19% of patients remained euthyroid, and the rate did not increase significantly as thyroid remnant weight increased. This last finding does not support a recommendation done in the past to adjust the remnant size to the thyroid peroxidase or microsomal antibody (TPO-Ab) concentration in order to achieve the greatest likelihood of a postoperative euthyroid state: remnant size should be about 3 cm 3 at low TPO-Ab concentrations but around 5 cm 3 in case of high TPO-Ab levels [12] . It follows that
STTx with the intent to maintain a euthyroid state, is not an optimal surgical strategy because the persistence or recurrence rate of Graves' hyperthyroidism is high and the euthyroid rate is low.
RADIOACTIVE IODINE
American Thyroid Association (ATA) guidelines stipulate the goal of RAI therapy (like that of surgery) in Graves' disease is to control hyperthyroidism by rendering the patient hypothyroid [5] . RAI is very effective provided a sufficient radiation dose is delivered in the thyroid. This can be done equally well by a fixed activity of 131 I or by a calculated activity based on thyroid size and thyroid 131 I uptake [5] . Balancing rapid relief of hyperthyroidism and postponing hypothyroidism appears to be an elusive goal. No dose calculation can secure long-term euthyroidism [6] [15] . Hypothyroidism developed in 95% after RAI, but euthyroidism was not achieved by any participant [15] . One can conclude that elimination of Graves' hyperthyroidism can be reached by RAI (although often a second or sometimes a third dose of 131 I is required), but at the expense of a substantial risk of worsening or developing GO and creating a new disease-hypothyroidism. To replace one disease (hyperthyroidism) by another disease (hypothyroidism) and call that a "cure" of the original disease, seems odd. I would call a disease to be cured if, due to the spontaneous course of the disease or due to specific interventions, after a certain period of time nothing can be found any longer-be it clinical signs and symptoms or biochemical and radiological changes-attributable to that disease. In this context it is interesting to note the definition of remission in Graves' hyperthyroidism. In most studies remission is defined as normal serum TSH, FT4, and triiodothyronine (T3) serum concentrations lasting for 1 year without any treatment. But in a recent Australian study, remission was defined as euthyroidism or hypothyroidism after 12 months, and it was reported that 79% of patients achieved "remission" with a single dose of 131 I [16] . RAI therapy might be considered problematic because of the need for lifelong levothyroxine replacement if the goal is to render the patient hypothyroid. A personalized dosimetric approach delayed the long-term onset of hypothyroidism in 26% of patients by using much lower administered activities than currently recommended [17] . An interesting RCT in China evaluated the feasibility of 131 I therapy aiming at restoration of euthyroidism without the development of hypothyroidism [18] ; realization of this goal would come closer to a "cure" of Graves' hyperthyroidism. Eligible patients were randomized into five groups of about 100 patients each. Patients received a range of varying 131 I dosages depending on (1) group allocation: 0.37, I dosages between homogeneous groups as patient characteristics did not differ between the five groups. The optimal outcome (highest proportion of euthyroidism and lowest proportion of hypothyroidism) was obtained in group 3 (average administered activity 261±162 MBq): at 12 year, 72% maintained euthyroidism, 6% remained hyperthyroid, and 22% became hypothyroid. Over the 12-year period, the total recurrence rate was 13.6% [17] . Whether this scheme is preferable to the intentional induction of permanent hypothyroidism recommended by ATA guidelines, remains doubtful.
ANTITHYROID DRUGS
The third option in the management of Graves' hyperthyroidism is ATDs. ATD have always been the treatment of choice for uncomplicated cases in Europe and Japan, but RAI was the favourite treatment modality in the USA. A 2011 survey reported ATD were preferred by 86% in Europe and 40% in North America, whereas RAI was preferred by 13% in Europe and 59% in the USA [19] . This has changed dramatically in the USA in the last decade, and now ATD appear the most common treatment in the USA used in 58% of patients followed by RAI in 35% [20] . The reason for this shift away from RAI towards ATD might be the realization that RAI is associated with a definite risk for developing or worsening of thyroid eye disease [14, 15] . Could it be that this shift towards ATD is also related to a greater chance of "cure" of Graves' hyperthyroidism after ATD than after RAI?
Before starting antithyroid drugs
To know before starting ATD the likelihood of remission after completing a course of ATD, would be very relevant for selecting the most appropriate treatment modality in a particular patient. If the chance of remission is low, Tx or RAI might be a better option for that patient. Factors associated with a low remission rate as suggested in many but not all studies, are male sex, young age (<40 years), smoking, severe hyperthyroidism, high concentrations of thyrotropin binding inhibitory immunoglobulins (TBIIs), large goiter size, and the presence of GO [21, 22] . However, the predictive value of each of these risk factors is too low for accurate assessment of the remission chance before starting ATD in the individual patient. A recent prospective study was able to construct a predictive score by combining a number of independent risk factors. This so-called Graves' Recurrent Events After Therapy (GREAT) score provides a reasonable prediction of recurrent Graves' hyperthyroidism after Copyright © 2019 Korean Endocrine Society an 18-months course of ATD [23] . The GREAT score takes into account four baseline characteristics, which are already assessed routinely in the work-up of every patient with Graves' hyperthyroidism: age, FT4, TBII, and goiter size (Table 1) [5, 6] . Patients in whom the GREAT score falls in class I, have a rather high chance on remission (84%), and ATD would be a reasonable option. In contrast, chance on remission is rather low in GREAT score class III (32%), and Tx or RAI might be preferred. Chance on remission (56%) or recurrence (44%) is about even in patients falling in GREAT score class II; in these patients adding the results of genotyping (human leukocyte antigen subtypes DQB1-02, DQA1-05, DRB1-03, and PTPN22 C/T) generates the GREAT + score which has a greater predictive value and may change management in 38% of patients [23] . The predictive value of the GREAT score has subsequently been validated by two other independent studies [24, 25] . Its accuracy might possibly be enhanced by replacing TBII by an assay which more specifically measures TSH receptor stimulating antibodies [26, 27] . It is also foreseen that the predictive value of the GREAT + score (which incorporates genotyping) could be enhanced by adding more genotypes related to Graves' disease (like CTLA-4 G/G and TSHR) [28, 29] .
First course of antithyroid drugs
A single course of ATD induces remission of Graves' hyperthyroidism in about 50% of cases [3, 21, 30] . Remission rates vary greatly, however, from 30% up to 70% in individual studies. Remission rates are only weakly related to the duration of ATD treatment: 12 to 18 months seems optimal, with slightly higher recurrence rates after 6 months and no apparent additional benefit by extending therapy beyond 18 months [21] . Remission rates do not differ between the titration method (in which the ATD dose is adjusted according to laboratory results) or the block-and-replace method (in which the relatively high ATD starting dose is maintained and levothyroxine is added when euthyroidism has been reached) [31, 32] . Excessive iodine intake does not influence remission rates in iodine-replete areas [33] . The mechanisms by which ATD induce a remission, are not completely understood. It might be related to direct effects of ATD on intrathyroidal T-cells [34] , but indirect effects on the immune system by restoration of the euthyroid state might play a role as well [35] . Attempts to enhance remission rates so far failed. Administration of levothyroxine after discontinuation of ATD seemed to increase remission rate [36] , but subsequent studies could not confirm the initially promising results and this particular treat- www.e-enm.org 33 ment modality is not used any longer [37, 38] . Likewise, adding selenium to ATD did increase remission rate in a pilot study [39] , but not in a subsequent placebo-controlled RCT [40] .
Second course of antithyroid drugs
It is thought unlikely that patients with recurrent Graves' hyperthyroidism would go into remission after a second course of ATD, and guidelines therefore recommend definitive treatment by RAI or Tx in case of recurrences. But the last American and European guidelines mention that a second course of ATD might be considered [5, 6] . In one study from China a second course of ATD lasting for 15 to 20 months resulted in 76% remissions at a follow-up of 4 years [41] . A Korean study demonstrated similar remission and relapse rates between the first and second course of ATD with 10-year remission rates of 34% and 25% respectively, whereas 10-year remission rates were progressively lower after the third and fourth course of ATD (17% and 13%, respectively) [42] .
Long-term treatment with antithyroid drugs
If TBII is negative at the end of 12 to 18 months of ATD therapy, it is reasonable to discontinue ATD as chance on remission is relatively high. Remission chance is relatively low in the presence of high TSH receptor antibody levels at the end of ATD therapy, a condition sometimes referred to as persistent hyperthyroidism although serum thyroid hormones are normal [6] . It reflects the notion that Graves' hyperthyroidism is not really cured as long as TSH receptor antibodies are present, and I quite agree with this line of thinking. Current guidelines acknowledge the feasibility of continuing ATD for a further 12 months if TBII is still high, or to proceed with long-term use of ATD (usually a low dose of methimazole) [5, 6] . This strategy has been employed specifically in patients with co-existent GO. In a Dutch study ATD were discontinued after a median treatment duration of 3.5 years (range, 2 to 11): during a median follow-up period of 5 years (range, 1 to 14) recurrent Graves' hyperthyroidism occurred in 37% (easily managed with 131 I), without a relapse of GO [43] . Long-term treatment with a lowdose of methimazole (5 mg/day, n=101) or propylthiouracil (200 mg/day, n=7) for a median duration of 6.7 years in patients with co-existent severe GO, is reported from Denmark: 90% maintained euthyroidism during treatment, and the remaining 10% experienced relapse of hyperthyroidism either spontaneously or after ATD dose reduction [44] . TSH receptor antibodies gradually disappeared from serum in most patients. The only serious side effect of ATD was vasculitis occurring after 6 years of PTU in a 48-year-old woman [44] . A meta-analysis of six studies in which Graves' hyperthyroidism had been treated with ATD for ≥2 years, finds a remission rate of 57%, and a complication rate of 19% (major complications only in 1.5%) [45] . Smoking had a significant lowering effect on remission rate. In a study from Iran patients who had failed to achieve remission on ATD, were randomized into either RAI or further ATD therapy: 10-year outcomes were almost similar with regard to expenses, but hypothyroid episodes were more frequent after RAI than during ATD [46] . A nonrandomized study from Brazil also compared RAI with prolonged low-dose methimazole treatment in patients with recurrent Graves' hyperthyroidism after a course of ATD: RAI was associated with worsening of GO, more weight gain, and more often hypothyroidism at a followup of 5 years [47] .
Long-term outcome after initial remission on antithyroid drugs
The long-term outcome of stable remissions is less well known. We have to rely on studies performed in the 1970s and 1980s, when sensitive TSH assays were not yet available and a single TSH measurement could not discriminate between suppressed and normal TSH values. Consequently the TSH response to TRH was often used. Combining the results of three studies, 170 patients were assembled who were in stable remission for more than 10 years [48] [49] [50] . Euthyroidism was observed in 60%, subclinical hyperthyroidism in 16%, subclinical hypothyroidism in 18%, and hypothyroidism in 6% (Table 2 ). In one of these studies thyroid histology was available in eight euthyroid patients in longstanding remission: six of them had chronic lymphocytic thyroiditis like in Hashimoto thyroiditis, and none showed diffuse epithelial hyperplasia like in Graves' disease [50] . In the same study, microsomal antibodies (TPO-Ab) had been measured in 22 patients at the time of discontinuation ATD and 10 years later; TPO-Ab were positive in 59% and 91% respectively [50] . Another paper investigated 26 patients who developed hypothyroidism 0.5 to 10 years after discontinuation of ATD therapy [51] . Histology showed chronic lymphocytic thyroiditis in eight patients (fibrous variant in three of them) and partial epithelial hyperplasia in one patient. Microsomal antibodies (TPO-Ab) were present in all, TSH blocking antibodies in 33% and thyroid stimulating antibodies in 66%. TSH blocking antibodies may account for approximately 33% and chronic lymphocytic thyroiditis for 66% of these hypothyroid cases [51] . The presence of TPO-Ab is apparently related to the late development of hypothyroidism in Graves' disease, Copyright © 2019 Korean Endocrine Society which comes as no surprise as TPO-Ab is a well-known risk factor for the development of auto-immune hypothyroidism [52] . It is of interest that the presence of TPO-Ab on the other hand seems to protect against recurrent Graves' hyperthyroidism. One hundred and seventeen patients with Graves' hyperthyroidism were treated with ATD for 2 years and then followed for on average 2.5 years; they were divided in group 1 (no thyroglobulin antibody [Tg-Ab] and no TPO-Ab), group 2 (no TgAb but positive TPO-Ab), and group 3 (positive Tg-Ab and positive TPO-Ab) before and during ATD therapy. Relapse rates in the three groups were 39%, 27%, and 11% respectively [53] . A more recent study likewise reports that baseline TPO-Ab is inversely associated with relapse rates in a dose-dependent manner [54] . The data suggest patients with TPO-Ab are least likely to relapse, but more likely to proceed to hypothyroidism. However, other studies did not find TPO-Ab measurements useful for prediction of remissions or recurrences [55, 56] .
The perplexing conclusion of very long-term follow-up studies in Graves' patients in stable remission is that 40% have still abnormal thyroid function, related to the persistence of thyroid antibodies (Table 2 ). In 16% there exists subclinical hyperthyroidism, most likely due to the persistence of TSH receptor stimulating antibodies. In 24% there exists subclinical or overt hypothyroidism, related to either TSH receptor blocking antibodies or TPO-Abs. Interestingly, many patients in this group also have persistent TSH receptor stimulating antibodies. It illustrates again how the interplay between destructive/inhibitory and stimulatory immunological effector mechanisms determines the outcome of thyroid function in autoimmune diseases [57] . The co-existence of TSH receptor stimulating and blocking antibodies is of particular pathophysiological interest. Remissions of Graves' hyperthyroidism are caused by a decrease of TSH receptor stimulating antibodies, but can an increase in TSH receptor blocking antibodies contribute to remissions? Alternating hyperthyroidism and hypothyroidism in Graves' disease has indeed been linked to switches between TSH receptor stimulating and blocking antibodies [58] . Can hypothyroidism induced by TSH receptor blocking antibodies still be called Graves' disease? Have hypothyroid patients with both TSH receptor blocking antibodies and TPO-Abs two simultaneous diseases, Graves' disease and Hashimoto thyroiditis? Or do they belong to one and the same disease entity, namely autoimmune thyroid disease? Apart from these semantical issues, it is clear that Graves' hyperthyroidism cannot be called really cured in the presence of still abnormal thyroid function.
CONCLUSIONS
Whether or not Graves' hyperthyroidism can be cured, depends on the definition of 'cure.' If cure is defined as just disappearance of thyroid hormone excess, then cure is possible in almost all cases by either Tx, RAI, or ATD. Cure defined as 'restitutio ad integrum' implies maintenance of the euthyroid state like it was before the illness, that is without any medication and without thyroid antibodies in the circulation. Guidelines state the aim of Tx or RAI in Graves' hyperthyroidism should be permanent hypothyroidism, which requires lifelong levothyroxine medication for maintaining euthyroidism. Creating another disease in order to treat the original disease, is no cure. ATDs leave open the possibility of cure, defined as maintenance of the euthyroid state (normal TSH, FT4, and T3) without the use of any medication.
The average remission rate after a course of ATD is about 50% [21] . Most recurrences occur within 4 years after discon- www.e-enm.org 35 tinuation of ATD [3] . Although prognosis is excellent after 4 years without relapse [30] , late recurrences do occur and only one in three patients experiences permanent remission [21] . Remission rate after 10 years is in the order of 30% to 40%, and hypothyroidism has developed in 10% to 15% 15 years after ATD [59] . Taken into account the above reviewed literature, permanent cure of Graves' hyperthyroidism is possible albeit at a low rate of about 27% (Fig. 2) . The cure rate would be even lower if cure also supposes the absence of TSH receptor antibodies.
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